playing -probably showing off -but clearly enjoying himself hugely.
M.C. Escher wrote about his challenging designs in the following way: "I can't keep from fooling around with our irrefutable certainties. It is, for example, a pleasure knowingly to mix up two-and three-dimensionalities, flat and spatial, and to make fun of gravity." Famous products of this approach were his impossible staircases. The cartoonist Peter Brookes extended the fun when he represented Greek politicians endlessly seeking financial help from richer countries on a continuously ascending staircase.
The discoverer of the antibacterial properties of penicillin, Alexander Fleming, was famous for his playfulness. He was accused disapprovingly by his boss of treating research like a game, finding it all great fun. When asked what he did, he said that: "I play with microbes" and went on "… it is very pleasant to break the rules and to be able to find something that nobody had thought of." Another famously playful scientist and Nobel prize-winner was Richard Feynman. When he was getting bored with physics at an early stage in his career, he wrote: "Physics disgusts me a little bit now, but I used to enjoy doing physics. Why did I enjoy it? I used to play with it. I used to do whatever I felt like doing -it didn't have to do with whether it was important for the development of nuclear physics, but whether it was interesting and amusing for me to play with". He decided that he would play with physics again irrespective of how important it might be. Then while playing at work, every thing flowed effortlessly and he made fundamental contributions to nuclear physics.
Social play is marked by the cooperation between the partners. It is non-competitive and roles may be reversed. So individuals that are dominant in non-playful contexts may allow themselves to adopt a subordinate role during play. Sometimes the playfulness is explicit. Jim Watson described the playful nature of scientific creativity when he and Francis Crick had set themselves the task of uncovering the structure of DNA. Their main working tool had been a set of coloured balls superficially resembling the toys of pre-school children. Watson wrote: "All we had to do was to construct a set of molecular models and begin to play -with luck, the structure
Playfulness and creativity

Patrick Bateson
Playful play is undoubtedly fun. Even so, many people think, incorrectly, that as they get older, they are no longer capable of such frivolous activity. They should heed George Bernard Shaw's advice: "We don't stop playing because we grow old, we grow old because we stop playing." The motivation to be playful comes from within. No external bribes are needed. In fact attempting to encourage such activity with food or money is likely to be counterproductive.
Having fun is a good reason to be playful. The pleasure it generates could be seen as its primary benefit. Even so, I want to explore what can be the longer-term benefits of playfulness. For the biologist, benefits are measured in terms of the particular ways in which an activity increases the chances of survival and enhances reproductive success. Most people would not worry too much if their playfulness affected their chances of survival and would probably not be at all concerned about its impact on their reproductive success. Many would, however, be interested in the particular long-term outcomes of their playfulness that eventually lead to those matters that concern biologists. I shall argue that one such outcome is their creativity.
Many composers, artists and scientists, famous for their creativity, were also remarkably playful. Wolfgang Amadeus Mozart was well known, notorious even, for his playfulness. The high-spirited pranks and jokes were also reflected in his music. For example his three-voice canon (KV559) consists of a nonsensical Latin text which when sung sounds like bawdy German. Pablo Picasso was once filmed painting onto glass. The onlooker saw the picture emerge, but viewed from the other side of the glass. Picasso started by quickly sketching a goat and then rapidly embellishing it. Other shapes appeared and disappeared; colours were mixed and transformed. By the end of the film the goat had long since gone and it would have been hard to say what the picture was all about. Picasso had been Primers would be a helix." It was indeed a helix and the paired structure of the helix provided the means for the molecule to replicate itself. Another example of the role of playfulness in cooperative scientific creativity is provided by Andre Geim and Konstantin Novoselov, who won the 2010 Nobel Prize for physics. The prize was awarded for their discovery of the wonder material graphene.
How widespread is the link between playfulness and creativity?
The celebrated examples of playful people who are also enormously creative are striking, but they may be exceptional. Is this link between playfulness and creativity more general? To find out, Daniel Nettle and I asked people in an online survey whether they viewed themselves as playful and creative. The respondents were presented with a series of statements and asked to state whether each one was very characteristic of themselves and, if so, to score 1 or very uncharacteristic of themselves and, if so, to score 7. They could score anywhere between 1 and 7 depending on their sense of how the statement reflected their own behaviour. "Acting playfully" and "Coming up with new ideas" were the statements in which we were particularly interested. These statements were embedded in a number of other statements designed to assess different dimensions of personality. 1536 people responded to the survey. The individuals who reckoned that they were playful also reckoned that they were creative.
The link between "Acting playfully" and "Coming up with new ideas" emerged very strongly in our survey. To validate this finding, the respondents were asked to offer ideas for the uses of two items, a jam jar and a paperclip. In the literature on creativity, those individuals who produce few answers are referred to as "convergers" and those who produce many suggestions are known as "divergers". The typical sole response from a converger when asked for uses for a paper clip was "Clip paper together". The remarkable response from one diverger in our survey (presumably a woman) was: "Clip papers, unfold to clean fingernails, clip bra, general clothes fixing in an emergency, put on a magnet for a science experiment for children, make a mobile with lots of them, make a sculpture with one or more of them, earrings, pick a lock."
In fact the sharp dichotomy between convergers and divergers was not borne out in reality (Figure 1) . Just under 10% only offered one use for the paperclip. Double that percentage suggested three uses, and the percentage dropped off thereafter. Those suggesting ten uses comprised 12% of the population and some of them would undoubtedly have gone on to offer more if they had not been restricted to ten uses. So the population, far from being bimodal in the suggested number of uses, resembled a Poisson distribution. Most of the respondents provided a relatively small number of uses for the objects and only a few offered many uses. However, the respondents who regarded themselves as playful and producers of new ideas were much more likely to give lots of uses for a jam jar and a paper clip.
Can people be enabled to become more playful and hence more creative? Playfulness occurs in a protected context and is easily disrupted by stress. The Hungarian psychologist Mihaly Csikszentmihalyi noted that a number of obstacles often lie in the distractions that fragment thought; plain laziness, and lack of direction can all get in the way of being creative. He argued that all of these barriers could be overcome and offered advice on how to do it. The first step, he suggested, is to free up time from the pursuit of predictable goals in order to engage curiosity and look for surprises. With mental energy enhanced, Csikszentmihalyi recommended avoiding time-wasting distractions such as aimlessly watching television, and making best use of the body's natural circadian rhythms, because most people are more productive at certain times of the day. He also suggested finding particular spaces and places that enhance reflective thought and creativity. These points also apply to the condition in which playfulness can be encouraged.
Another link between playfulness and creativity is humour. In a famous encounter between Margaret Thatcher and Mikhail Gorbchev, Thatcher was initially determined to do ideological battle but was totally melted by Gorbachev's sense of fun and lack of rancour. The result was diplomatically creative. Clearly a positive mood state can be enhanced by humour. Humour and play have common features. They both involve social signals, are associated with a positive mood and are sensitive to prevailing conditions. They both tend to occur in protected environments, they are intrinsically motivated, and they do not require additional external reward. Certain forms of humour, like play, rely on generating novel combinations of thoughts and the consequences can be highly creative. These links between playfulness and humour may be much more than mere analogies. Playfulness encourages humour and humour encourages playfulness and the result can be greater creativity.
A number of companies involved in the business of developing new products have found that the social and intellectual environment of their employees has a marked effect on the extent to which they come up with new ideas. A common feature of the most creative and innovative organisations is that employees are less subject to heavy bureaucratic constraints. Those responsible for generating the new ideas are often allowed free time to think laterally and explore wild ideas, without being punished for wasting time. The 3M company, for example, encourages people to devote time, known as the 'boot-legging hour', to activities that at first sight might seem unproductive. The company allows every researcher to spend 15% of their working day pursuing speculative ideas. The free flow of ideas is encouraged throughout the day, and canteens where people can meet to talk provide free food. Other progressive companies such as Netflix have removed most administrative burdens from its potentially creative employees in order to develop a productive environment. Creativity is more likely to thrive when employees are given some freedom to develop their own ideas and interact playfully with others. By providing a more relaxed working atmosphere, the intrinsic motivation of those involved in generating creative solutions can be enhanced.
What is it about fooling around while having fun that enhances creativity? By rearranging actions or thoughts, play generates novel ways of dealing with the environment, most of which lead nowhere but some of which may turn out to be useful -often at a much later date. Play is also about breaking away from established patterns and combining actions or thoughts in new ways. Play is an effective mechanism, therefore, for encouraging creativity since creativity also involves breaking away from established patterns of thought and behaviour. Creative people perceive new relations between thoughts, or things, or forms of expression that would normally seem utterly different. They are able to combine them into new forms, connecting the seemingly unconnected. Students who had greater difficulties ignoring unrelated stimuli were found to be seven times more likely to be rated as 'eminent creative achievers' based on their previous accomplishments. The proposed explanation was that the students who had difficulty filtering out extraneous stimuli were more likely to piece together seemingly unrelated ideas.
Playful play involves having fun while doing so. From the play may emerge a new perspective or a tool that might be used at a later date in combination with other tools to solve a new challenge. In their different ways both of these aspects of play are creative. Play has features that are likely to make it especially suitable for finding the best way forward in a world of conflicting demands. In acquiring cognitive skills, individuals are in danger of finding sub-optimal solutions to the many problems that confront them. In deliberately moving away from what might look like the final resting point, each individual may get somewhere that is better. Play may, therefore, fulfil an important probing role that enables the individual to escape from false endpoints or 'local optima'. An analogy is a mountain surrounded by lesser peaks. A climber might get to the top of a lesser peak only to discover that she had to descend before scaling a higher one. When on a metaphorical lower peak, active ways of getting off it can be highly beneficial. In practice what this could mean is that the activities involved in play discover possibilities that are better than those obtained without play.
In the absence of a task that requires deliberative processing, the mind tends to wander, flitting from one thought to another with fluidity and ease -a generally pleasurable state commonly known as daydreaming. Someone who is daydreaming may be pondering on a particular theme, or their thoughts may meander randomly. Either way, their thinking is not focused on the current situation or the task in hand and, as such, it could be regarded as a waste of time. In this sense, daydreaming is analogous to play and contrasts with 'serious' problem-solving cognition. In terms of creativity, the daydream may lead the thinker further afield and enable them to stumble across new connections. When stuck on a particularly difficult problem, indulging in a good daydream isn't just an escapeit may be the most productive thing to do. Instead of focusing on their immediate surroundings, daydreamers are free to engage in abstract thought and imaginative ramblings, picturing the future, and contemplating what-if scenarios without constraints.
Daydreaming is accompanied by a distinct pattern of brain activity. Functional magnetic resonance imaging (fMRI) shows that, during daydreaming, simultaneous activation occurs of regions of the brain that ordinarily are not strongly connected, facilitating communication between them. When deprived of varying sensory input, this network of different brain regions is brought together. The network of brain regions that become connected during daydreaming is most engaged when people are performing tasks that require little conscious attention. Creativity may be enhanced in this state because the simultaneous activation of different brain areas enables people to understand and express novel orderly relationships. As in play, different ideas or ways of doing things may be brought together creatively.
Daydreaming, like play, occurs in a protected state and involves combining familiar memories, thoughts and ideas in novel ways. Other altered states of consciousness can be induced by psychoactive drugs such as alcohol or LSD, and strong claims have been made that they can enhance creativity. Evidence that drug-induced altered states of consciousness do enhance creativity is often equivocal. The personality of the individual has an influence on how they are affected and the drug dose can be crucial. Conscious expectations may interact with the pharmacological effects. Despite these caveats, the evidence suggests that, for some people and in some contexts, drug-induced altered states of consciousness can causally influence creativity. After taking a drug, some individuals are able to perceive things in a different way or connect previously unrelated ideas or memories. The disinhibiting effects of some psychoactive drugs may make it easier to form associations between seemingly unrelated thoughts. Furthermore, alcohol and some other drugs can induce positive moods that assist social interactions and creative thought.
The effects of moderate alcohol intoxication have been tested with a creative problem-solving task. Mildly intoxicated individuals solved more items, in less time, than sober individuals. More interestingly still, they were more likely to perceive their creative solutions as the result of a sudden insight. The general conclusion from this and other studies is that moderate doses of alcohol can facilitate some aspects of creativity in some people, probably by reducing social inhibitions and enlarging the focus of attention, which is less tied to rational and constrained ways of thinking: William James observed, "Sobriety diminishes, discriminates, and says no; drunkenness expands, unites and says yes."
Not all play is playful
The word 'play' is used in a great number of ways. The term has been extended from playing the piano and playing cricket to doing risky things like bungee jumping. In contrast most psychologists and biologists use play for non-serious activities that may have no immediate utility. For that reason, rule-governed competitive sports are 'played', but they are rarely if ever conducted playfully. Sports and many games, like chess, are often treated as being deadly serious. Similarly, theatrical plays in which the actors are required to have learned their lines do not have associated with them much lightness of mood, except perhaps in improvisation on the stage and ad libbing.
Over the years attempts have been made to bring order to the subject of play by listing the various criteria by which play behaviour might be recognised as follows:
1. The behaviour is spontaneous and rewarding to the individual; it is intrinsically motivated and its performance serves as a goal in itself. Play is 'fun'.
2. The player is to some extent protected from the normal consequences of serious behaviour. The behaviour appears to have no immediate practical goal or benefit. Social forms of the behaviour may be preceded or accompanied by specific signals or facial expressions indicating that the behaviour is not serious.
3. The behaviour consists of actions or, in the case of humans, thoughts, expressed in novel combinations. Social forms of the behaviour may be accompanied by temporary changes in social relationships, such as role reversals, in which a normally dominant individual may become temporarily subordinate while playing, and vice versa. Play is a generator of novelty.
4. Individual actions or thoughts are performed repeatedly (though they do not resemble stereotypes such as the circular pacing seen in animals kept in impoverished conditions); they may also be incomplete or exaggerated relative to non-playful behaviour in adults. Play looks different.
5. The behaviour is sensitive to prevailing conditions and occurs only when the player is free from illness or stress. Play is an indicator of wellbeing.
6. Playful play (as distinct from the broader category of play defined by psychologists and biologists) is accompanied by a particular positive mood state in which the individual is more inclined to behave (and, in the case of humans, think) in a spontaneous and flexible way.
Playfulness, the defining feature of playful play, is a positive mood state that is not always detectable in observable behaviour. The behaviour of a playful human is captured by numerous synonyms, including cheerful, frisky, frolicsome, goodnatured, joyous, merry, rollicking, spirited, sprightly and vivacious. Often these terms are descriptive of visible behaviour and can be defined by pointing to the example, such as when two boys engage vigorously in friendly fights in which both continue to laugh (Figure 2) . The criteria for recognising playfulness excludes behaviour in which the player is stressed or hurt by another. The unpleasant aspects of human 'play' can include teasing, bullying, shunning, as well as hurting and being hurt. Such behaviour lacks the positive, relaxed mood associated with playfulness.
Different ways of thinking
A broad distinction may be drawn between creativity and innovation. In human behaviour, creativity refers to coming up with a new idea whereas innovation refers to changing the way things are done. Although creativity and innovation are often treated as synonymous, the terms can be usefully distinguished. Creativity is displayed when an individual develops a novel form of behaviour or a novel idea, regardless of its practical uptake and subsequent application. Innovation means implementing a novel form of behaviour or an idea in order to obtain a practical benefit which is then adopted by others. Creative people are not necessarily innovative, and innovative people may rely on the novel ideas or actions of other creative people. The personality characteristic of being open to new experience captures the distinction between creativity and innovation, since the innovators are less open to new experience and more likely to be organised and analytical.
Human creativity has many dimensions. Creative genius has often been associated with mental disorders such as schizophrenia and sharp mood swings. An individual's vulnerability to schizophrenia is manifest in a set of personality traits that is now known as schizotypy. Individuals involved in the creative arts, such as poets and artists, tend to score higher on two dimensions of schizotypal traits. The two dimensions are: having unusual experiences such as perceptual and cognitive aberrations, hallucinations and magical thinking; and impulsive non-conformity, such as violent and reckless patterns of behaviour.
Some people have the ability to find non-obvious connections between words. When presented with a set of words such as lick, mine and shaker they are able to identify another word that connects these three seemingly unrelated ones. In this example, the answer is salt. The link between words is associative and does not follow simple rules of logic, concept formation or problem solving, and thus requires the respondent to be creative.
Other people have the capacity to develop novel ideas while daydreaming. Yet others are able to produce many different uses for a given object and even this famous test of creativity yields results that can be characterised in different ways. The list of uses may be marked by its fluency, flexibility or originality. Fluency refers to the number of unique ideas that are generated when a person is asked about uses for a particular object. Flexibility refers to the capacity to switch between approaches; someone who generates ideas within one category will be perceived as less flexible than someone who generates ideas from multiple categories. Originality refers to the novelty of an idea without relying on routine or habitual thought. It is possible, therefore, for somebody to be fluent without being original or original without being fluent.
Like creativity, innovation involves many different cognitive processes. Sometimes they are seen as analogous to Darwin's account of the evolutionary process of natural selection. The process starts with a variety of different ideas, some good but mostly bad. This pool of possibilities is subjected to a winnowing, leaving only a few that are of any interest. Finally, those ideas that survive are transmitted on into the future for more careful consideration. This process may rely on generating and then testing a wide variety of possibilities and selecting the one that empirically works best. Being a successful innovator is likely to require many psychological and emotional attributes, such as determination, focus, analytical ability, persistence and resilience. These may have little to do with the ability to generate novel thoughts.
Play, even in the relatively restricted sense used by psychologists and biologists, may be coercive, bullying and cruel, though not when conducted playfully. The make-up of their personalities and the constraints of day-to-day living will often mean that many, perhaps most, people are neither playful nor creative in their adult lives. By creating protected space for themselves, humans can, however, change their behaviour and start to meet the challenges of their lives in new ways. It is an open question just how many are willing and able to make the change. A romantic view would be that anybody can become creative. An interesting alternative is that at least some of those individuals who are not creative are especially good at taking the novel ideas of others and doing something useful with them. Yet others may be predisposed to adopt a good innovation when they see one.
Human well-being is a justifiable end in itself. Playful play contributes to having fun and the sense of feeling good about oneself. The benefit of coming up with new ideas or actions in the course of such play either immediately or in the future is an additional benefit. The benefits are not inevitable but, given the value attached to creativity, they should be taken seriously.
food to having sex to experiencing something beautiful, such as art.
Omnivorous animals with a varied diet are the best candidates for experiencing pleasure from their food, as they must possess the capacity to discriminate between different foods, preferring one over another. These preferences do not necessarily reflect differences in nutritional value between the foods (like our own dietary preferences). For example, western scrub-jays are given many different foods, including peanuts, dog biscuits, mealworms and wax worms, during experiments to test their episodic-like memory and future planning: when given a choice, say between mealworms and wax worms, all scrub-jays choose wax worms. One of us (N.S.C.) refers to wax worms as the "Belgian truffles of the scrub-jay world" because they are so preferred over all other foods. Is this because wax worms elicit a greater amount of sensory pleasure than other foods? This is a testable hypothesis.
The anthropomorphic trap
Returning to the two video examples, a simple interpretation of the birds' behaviour based on human introspection is that they are enjoying themselves. For example, the crow performs actions with no obvious function, which are repeated and the crow behaves 'as if' it is experiencing joy, for example, flapping its wings on each descent. For some scientists, such as Mark Bekoff (see his quick guide on play in domestic dogs in this issue), this is as far as we need to go: the bird looks like it's having fun, so of course, it is. From a scientific viewpoint, however, this is far from satisfactory. We cannot only rely on external behavioural cues when attributing emotional or mental states to others; human or otherwise. Relying on such cues alone will quickly cause us to fall into the anthropomorphic trap, which does not get us any closer to finding out what's actually going on inside another's head. We automatically project human thoughts and feelings onto an agent (animate or inanimate) that displays actions resembling those of a human agent, especially within the same context. This form of anthropomorphic thinking was most strikingly demonstrated by Heidel and Simmel, who presented subjects with crude animations of two triangles and a Do birds have the capacity for fun? Nathan J. Emery 1 and Nicola S. Clayton 2 A crow carries a jar lid to the top of a sloping snowy rooftop in Russia. Sitting on the lid and sliding down the roof, you could think of it as surfing. It picks up the lid and repeats this behaviour again and again ( Figure 1A) . A group of black swans ride the crest of a wave that also looks like they are surfing. Once the wave reaches the beach, the swans fly back to another wave crest and perform the same actions again ( Figure 1B) . In both cases, the birds' behaviours do not seem to provide any obvious function apart from enjoyment -they look like they are having fun. Videos of these behaviours received millions of views on YouTube, so we appear to like watching other animals having fun. But is this interpretation of the birds' actions as having fun pure anthropomorphism or is it possible that an animal can act solely for its own enjoyment?
In this Primer, we discuss the idea of whether birds can temporally and energetically afford to have fun, whether they have the neural machinery necessary to feel pleasure, and provide some examples, such as play or singing, that could be interpreted in this way. We also discuss possible ways of making animal emotion more scientifically tractable and consider implications for animal welfare if some of these behaviours can be interpreted as pleasurable.
Having fun
What do we mean by having fun? Play is perhaps the most obvious behavioural manifestation of fun. Despite its many proposed functions in the training of young minds, play must also be rewarding or even pleasurable for it to be repeated. We discuss play later, but first enquire whether there are other avian activities that could be interpreted as fun? Although animals do not necessarily have the time, cognition or neurobiology for pastimes or leisure activities, some behaviours could be seen as being related to having fun, such as experiencing sensory pleasure from eating a preferred
